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Objective: Deep-brain stimulation (DBS) for treating refractory obsessive-compulsive disorder 
(OCD) has shown positive results in small clinical trials. Ventral capsule/ventral striatum (VCV 
VS) is one of the promising targets; however, whether or not acute stimulation test can provide 
substantial information for chronic stimulation is not yet known. We evaluated postoperative 
test stimulation and examined the relationship of acute simulation-induced smile/laughter and 
15-month clinical outcome. 

Methods: Four adult patients with refractory OCD were implanted with Model 3387 leads 
bilaterally in an area of VC/VS. Postoperative test stimulation was performed at least 2 weeks 
after surgery. We performed double-blinded postoperative test stimulation with different contact 
and voltage. The relationship of stimulation-induced smile/laughter and chronic response was 
examined. 

Results: Patients presented smile, laughter, euphoria, increased heart rate, increased blood 
pressure, smell, chest vibration, dizziness, nausea, heat, or increased sexual drive during acute 
stimulation. We found that the higher the percentage of smile/laughter (34.3%, 31.3%, 56.3%, 
and 12.5% for four cases), the greater the reduction in the Yale-Brown Obsessive Compulsive 
Scale (30.6%, 38.9%, 58.8%, and 7.7% respectively at 15-month DBS). 
Conclusion: This study showed that acute DBS of the VC/VS might cause mood change, 
cardiovascular, sensory, or motor effects. These effects were transient or habituated over six 
months. We suggest stimulation-induced smile/laughter may be a possible predictor for long- 
term DBS outcome. Larger studies, genetic studies, and imaging studies are needed to evaluate 
the effects of different parameters and possible predictors in the treatment of OCD. 
Keywords: deep-brain stimulation, DBS, OCD, VC/VS, nucleus accumbens, NAcc 

Introduction 

Obsessive-compulsive disorder (OCD) is characterized by intrusive thoughts or images 
(obsessions), and by repetitive or ritualistic actions (compulsions). 1 The lifetime preva- 
lence of OCD is approximately 2%. 2 Pharmacological and cognitive behavioral treat- 
ments remain as the mainstay to alleviate symptoms; however, 25%^K)% of patients do 
not have a satisfactory outcome. 3 Deep-brain stimulation (DBS) is now being extended 
to treatment of neuropsychiatric conditions such as Gilles de la Tourette syndrome, 
OCD, depression, and addiction. 4 Small-scale use in controlled 511 or open studies 12-15 
has suggested therapeutic promise. In all research groups, at least 50% of previously 
refractory patients exhibited improvement within a year in terms of partial response 
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(improvement of &25% on the Yale-Brown Obsessive 
Compulsive Scale [YBOCS]). 16 Intraoperative or postopera- 
tive acute stimulation at any given contact is used primarily in 
evaluating effects and determining which electrode configura- 
tions to use for chronic stimulation. 17 However, whether or 
not acute stimulation test can provide substantial information 
for chronic stimulation is not yet known. Haq et al reported 
that acute stimulation-induced laughter may predict long- 
term OCD response to DBS. Identifying potential response 
predictors for OCD will become increasingly important as 
more patients are implanted with DBS devices. 18 In this study, 
we evaluated postoperative test stimulation and examined the 
relationship of acute simulation-induced smile/laughter and 
15-month clinical outcome. 

Methods and materials 

Patients 

Four adults who met the criteria of the Diagnostic Statistical 
Manual of Psychiatric Disorders fourth edition (DSM-IV) 
for OCD and underwent ventral capsule/ventral striatum 
(VC/VS) DBS were enrolled for this study (Table 1). 
Subjects must have had at least a 5 -year history of treatment- 
refractory OCD symptoms, and the disorder must have 
caused substantial suffering as well as a reduction in the 
subject's functioning. Treatment resistance was defined as 
failure to obtain improvements following multiple trials of 
pharmacotherapy at maximally tolerated doses, and one or 
more adequate trials of cognitive behavioral therapy. Our 
patients met the requirement of level VII in this trial." Details 
of inclusion/exclusion criteria for DBS have been described 
in our previous study. 20 

Surgical procedure 

The study was approved by the Institutional Review Boards 
(IRBs) of the Buddhist Tzu-Chi General Hospital, Taiwan 
(IRB094-33). After the patients had discussed with their fami- 
lies and signed informed consent, we implanted Model 3387 



leads bilaterally in an area spanning the ventral anterior 
limb of the internal capsule and adjacent ventral striatum, 
referred to as the VC/VS. A high resolution, Tl-weighted 
image (T1WI) with 0.7 mm slice thickness was obtained 
1 day before the surgery using a 1.5T magnetic resonance 
imaging (MRI) scanner (General Electric, Milwaukee, WI, 
USA). We used a Leksell Stereotactic System* (Elekta, 
Stockholm, Sweden) under local anesthesia. A high-resolution 
head computed tomography (CT) scan with a slice thickness 
of 1.25 mm was performed. The images were transferred 
to a neuro-navigation workstation (VectorVision; Brainlab, 
Feldbirchen, Germany/StealthStation; Medtronic, Minne- 
apolis, MN, USA), and then the MRI and CT-based images 
were fused. Electrodes were implanted according to a set 
of anatomical landmarks - anterior commissure (AC) and 
posterior commissure (PC), AC-PC plane, and the anterior 
limb of the internal capsule - using the Leksell Stereotactic 
System under general anesthesia. Each lead was 1 .27 mm in 
diameter with four 1 .5 mm long electrode contacts, separated 
from adjacent contacts by a distance of 1 .5 mm. The contacts 
were at the tip of the lead and numbered from 0 (deepest) to 
3 (most superficial) (Table 2). 

Postoperative test stimulation 

To reduce operation duration, risk, patients' discomfort, 
and to avoid anesthesia effects, we did not perform intra- 
operative test stimulation. Postoperative test stimulation 
was performed at least 2 weeks after the DBS surgery. The 
patient sat comfortably in a chair and was continuously vid- 
eotaped during each testing. In accordance with stimulation 
settings employed by other groups, 5 - 611 we fixed the pulse 
width at 210 |is, the stimulation frequency at 130 Hz, and 
used a monopolar mode. A test condition was defined as the 
application of a particular voltage at a particular contact. 
Each contact (0, 1, 2, and 3) of the lead was stimulated 
postoperatively at increasing voltages (0, 2, 4, 6, and 8 V) 
and turned to zero between each, giving a total of 1 6 possible 



Table I Patient characteristics and lead locations 



Patient 


Age at surgery 


OCD onset 


OCD duration 


Baseline 


Primary symptoms 




(years), sex 


(years) 


(years) 


YBOCS 




Case 1 


30, M 


1 1 


9 


36 


Fear of contamination, hand-washing 


Case 2 


30, M 


16 


1 1 


36 


Symmetrically checking his teeth, 












sexual thoughts, and ritualized 












bathing 


Case 3 


21, M 


15 


5 


34 


Fear of erotic images, beating his 












scrotum or eyeballs 


Case 4 


21, M 


10 


8 


39 


The fear of contamination, fear of 












death, hand-washing, spitting 



Abbreviations: OCD, obsessive-compulsive disorder; YBOCS, Yale-Brown Obsessive Compulsive Scale; M, male. 
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Table 2 Results of left-side VC/VS DBS testing with the pul 


se width at 2 1 0 |is and the frequency at 1 30 Hz 


Left-side Length Contact 


X 


y 


z 


Response 


Patient 


Case number of AC-PC 








Smile/laughter 


comments 


line (mm) 








Min V 




1 24.7 0 


-6.7 


15.5 


-4.9 


6 


Smell at 6 and 8 V, chest tightness 
at 6 and 8 V 


1 


-7.9 


16.7 


-2.0 


6 


Smell at 4-8 V, chest tightness at 
4-8 V, increased sexual drive at 
6-8 V, poor attention and memory, 
mouth numbness at 8 V 


2 


-9.6 


17.5 


-0.1 


6 


Smell at 6-8 V, chest tightness at 
4-8 V, increased sexual drive at 
6—8 V, poor attention and memory, 
sweating at 8 V 


3 


-1 I.I 


18.9 


3.0 


- 


Smell at 4-6 V, sweating at 8 V 


2 28 0 


-8.6 


18.3 


-4.9 


6 




1 


-10.1 


19.5 


-2.2 


4 




2 


-1 1.9 


20.2 


0.6 


6 


Chest tightness at 4 V, palpitation 
at 6 V, fear and nervousness at 8 V 


3 


-13.6 


20.7 


3.4 




Heat and palpitation at 4 V, sexual 
drive at 8 V 


3 24.4 0 


-7.1 


13.4 


-2.3 


6 


Smell at 8 V, dizziness at 4 and 8 V, 
nausea at 4 V, chest vibration at 
6-8 V, heat at 6 V 


1 


-8.4 


14.6 


0.4 


4 


Smell at 4-8 V, dizziness at 6-8 V, 
chest vibration at 6-8 V, heat at 8 V 


2 


-10.4 


15.8 


3 


4 


Dizziness at 2-4 V, nausea at 4 V, 
chest vibration at 4-8 V 


3 


-12.5 


16.8 


5.7 


4 


Smell at 2 V, dizziness at 2-4 V, 
chest vibration at 8 V 


4 27 0 


-7.2 


14.9 


-2.4 


8 




1 


-7.6 


16 


0.6 


8 


Dizziness at 8 V 


2 


-9.3 


16.8 


3.7 






3 


-1 1.3 


17.8 


6.8 




Nausea at 6 V, dizziness at 8 V 



Notes: x = lateral, y = anteroposterior, z — axiat. Stimulation-induced effects were observed fewer and weaker at right-sided locations than at left-sided locations. 
Abbreviations: AC-PC, anterior commissure-posterior commissure; DBS, deep-brain stimulation; VC/VS, ventral capsule/ventral striatum; Min, minimum. 



tests. After completing testing of the left electrode, we tested 
the right electrode. One psychiatrist adjusted parameter 
settings according to the prepared flowchart; for example, 
contact0,2, l,3,or3,2, 1 , 0 in a specific order. The patients 
knew that they were going to receive testing, but were not 
aware of the settings. Another psychiatrist who evaluated 
the patient's response was also blind to the parameter 
settings. One camera was used to record their verbal and 
behavioral response. 

Smile means "a slow, gentle, sideward and upward pull 
of mouth, without rhythmical movements or contraction of 
other facial muscles," and laughter is smile accompanied by 
vocal sounds. 21 But it is difficult to distinguish smile from 
laughter because of low-volume sounds, or rapid progress 
from smile to laughter. We recorded smile/laughter when 
the patient showed smile or laughter by the rater at the time 
of their occurrence. We also rated mood change (euphoria) 



according to a ten-point Likert scale on per contact and 
voltage (percentage induced smile/laughter = [smile/laughter 
conditions]/total tested conditions). Systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and heart rate (HR) 
were recorded during each setting. We performed the test for 
about 1 hour and then turned off the device. 

Chronic DBS outcome measures 

Psychiatric evaluations were conducted preoperatively, 
postoperatively, and at follow-up visits every 3 months. We 
did not adjust settings every 3 months. The primary efficacy 
endpoint of this study was the mean change of YBOCS 
score from baseline. We used the Hamilton Depression 
Rating Scale (HAM-D) for depression, and Wechsler Adult 
Intelligence Scale III (WAIS-III) for cognitive function- 
ing evaluation. Case 1 developed an allergy to right-side 
battery, which was then removed at 16 months. Therefore, 
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we selected 15 months as an evaluation point. Statistical 
analyses were performed using SPSS 15.0 statistics software 
(IBM Corporation, Armonk, NY, USA). 

Results 

Table 2 shows the results of left-side VC/VS DBS testing. 
Case 1 reported smile/laughter with euphoria on contact 0 (6 
and 8 V), contact 1 (6 and 8 V), but smile/laughter without 
euphoria on contact 2 (6 and 8 V). Case 2 revealed smile/ 
laughter with euphoria on contact 0 (6 and 8 V), contact 1 (4, 
6, and 8 V), and contact 2 (6 and 8 V); case 3 on contact 0 (6 
and 8 V), contact 1 (4, 6, and 8 V), contact 2 (6 and 8 V), and 
contact 3 (4, 6, and 8 V); and case 4 on contact 0 (8 V), and 
contact 1 (8 V). All subjects experienced a sense of eupho- 
ria when the ventral contacts 0 and 1 with higher voltage 
were stimulated (contact 0 with voltage 0, 2, 4, 6, and 8 V: 
mean euphoria 0.0, 0.0, 1.5, 2.5, and 3.0 points; contact 1 
with voltage 0, 2, 4, 6, and 8 V: mean euphoria 0.00, 0.00, 
3.00, 4.25, and 5.25 points). Figure 1 shows that euphoria 
increased with voltage. 

Case 1 felt chest tightness on eight settings, while case 2 
felt palpitation on contact 2 (6 V) and contact 3 (4 V). The 
HR was significantly higher during the period of the active 
stimulation at 4V than off stimulation period (mean score, 
105.00+6.58 versus 94.00+5.29; P<0.05). The SBP and DBP 
increased at higher voltage 4 V stimulation respectively, but 
not significantly. 

During acute stimulation testing, we also observed 
smell, chest vibration, dizziness, nausea, heat, or increased 
sexual drive (Table 2). These feelings were transient or 
continuous with the stimulator on the "on" setting, and they 



immediately dissipated when switched off. Stimulation- 
induced effects were observed to be fewer and weaker at 
right-sided locations than at left-sided locations. Smile or 
laughter was reproducible when stimulated with the same 
contact and voltage. However, these responses habitu- 
ated over several months and agreed with the findings of 
Springer et al. 22 

Before DBS surgery, the YBOCS score was 36.3+2.1 at 
baseline. At the end of the 15 months follow-up, there was 
a 33 .06% decrease in OCD severity (YBOC score 24.3+9.1, 
P=0.001). Baseline HAM-D score was 36.3+6.3. After 
the 15-month follow-up, a 32.51% decrease in severity of 
depression was found (HAM-D score =24.5+1 1.1, P=0.005). 
Case 1 received neuropsychological assessment at baseline 
and 12 months after DBS surgery. WAIS full-scale intelli- 
gence quotient showed 106 at baseline and 102 at 12-month 
follow-up (Table 3). 

Discussion 

To our knowledge, our study is the first one to evaluate post- 
operative stimulation to predict long-term improvement. In 
this study, smile or laughter with euphoria was noted when 
the ventral contact 0 or 1 with higher voltage (4, 6, and 8 V) 
was tested. Okun et al found euphoria, smile, and laughter 
when the patient was tested at 4-8 Y bipolar mode, 130 Hz, 
and pulse width 210 |ls. 23 Improvement in mood and anxi- 
ety was commonly noted at ventral contacts by Greenberg 
et al with parameter setting (monopolar mode, 130 Hz, pulse 
widths of 90 and 210 ms and at 2-6 V). 11 

Why did DBS in patients with refractory OCD cause 
these mood effects? One of the possible mechanisms is the 



% induced smile/laughter vs % YBOCS 
improvement at 15 months 



% induced smile/laughter vs % HAM-D 
improvement at 15 months 



30 40 
% induced smile/laughter 



< 
x 




30 40 
% induced smile/laughter 



Figure I Clinical outcomes at 1 5 months versus (vs) percentage of smile/laughter conditions of postoperative test stimulation. 
Abbreviations: HAM-D, Hamilton Depression Rating Scale; YBOCS, Yale-Brown Obsessive Compulsive Scale. 
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Table 3 Changes in the severity of OCD, depression, and cognition after 15 months of VC/VS DBS 



Variable 


Baseline 
Mean ± SD 


After 1 5 months of stimulation 
Mean ± SD 


Percentage 
improvement 


P-value 


YBOCS total score 


36.3±2. 1 


24.3±9.l 


33.06% 


0.001 


HAM-D score 


36.3±6.3 


24.5±l I.I 


32.51% 


0.005 


WAIS-III FIQ» 


106 


102 


-3.77% 





Note: a Case I received neuropsychological assessment at baseline and 12 months after DBS surgery. 

Abbreviations: DBS, deep-brain stimulation; FIQ, full-scale intelligence quotient; HAM-D, Hamilton Depression Rating Scale; OCD, obsessive-compulsive disorder; SD, 
standard deviation; VC/VS, ventral capsule/ventral striatum; WAIS-III, Wechsler Adult Intelligence Scale III; YBOCS, Yale-Brown Obsessive Compulsive Scale. 



brain region of stimulation. Since our target, the VC/VS, is 
involved in complex brain circuits such as limbic circuits, 24 
this stimulation resulted in emotional effects. Furthermore, 
the ventral contact 0, 1 was close to the nucleus accumbens, 
which is included in the mesolimbic dopamine system for 
pleasure and reward. 25 

Haq et al conducted intraoperative DBS testing for six 
patients at the anterior limb of the internal capsule and the 
nucleus accumbens region. 18 They found that the higher 
the percentage of laugh conditions experienced in an indi- 
vidual patient, the greater the reduction in YBOCS. 18 The 
percentage of laugh conditions for four cases was 34.4%, 
31.3%, 56.3%, and 12.5%. After the 15-month follow-up, 
the improvement of the YBOCS score was 30.56%, 38.89%, 
58.82%, and 7.69%, respectively. The improvement of the 
HAM-D score was 6.67%, 44.44%, 64.71%, and 15.56%, 
respectively. Therefore, our finding agreed with Haq's group. 
The larger the percentage of laugh conditions for individual 
patients, the greater the percentage of reduction in YBOCS 
at the 15-month follow-up, although this was not significant 
(Spearman's rho =0.80, P=0.10) (Figure 2). 
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Figure 2 Postoperative test stimulation-induced mood change (euphoria) by lead 
contact and voltage. 



Furthermore, Haq et al 18 looked solely at bipolar intra- 
operative stimulation as a predictive response and did not 
explicitly establish that postoperative stimulation predicted 
long-term improvement. We evaluated the unipolar postopera- 
tive stimulation to predict long-term improvement. We also 
noted unilateral smiles were easier to induce than bilateral 
smiles, and that bilateral smiles were easier to induce than 
laughter. 

In this study, increased SBP, DBP, and HR were observed 
after switching on the DBS at higher voltage. Shapira et al 26 
reported that intraoperative DBS on contact 0, pulse width 
2 1 0 ms, rate 135 Hz, at 6 V elicited a panic attack (only seen 
at the [0] contact). HR increased from 53 bpm to 1 1 1 bpm. 
The effect was noted immediately after turning the device 
on, and abruptly ceased in the off condition. 26 They suggest 
panic and increased HR may result from activation of lim- 
bic and autonomic networks. One scientific work described 
hypertension (160/120 mmHg) during the DBS implantation 
of one cluster headache patient. 27 But no autonomic effects 
were reported by Franzini et al 28 and Vigneri et al 29 in patients 
undergoing intraoperative DBS of the posterior hypothalamic 
area. One of the possible mechanisms is that the VC/VS is 
also involved in autonomic circuit; 30 this stimulation resulted 
in increased HR and blood pressure. However, further studies 
are necessary for specific targets and different parameters. 

In this postoperative DBS testing, we also observed smell, 
chest vibration, dizziness, nausea, heat, or increased sexual 
drive. Sensory and motor effects may be related to the cor- 
tico-striatal-pallido-thalamocortical loop, 30 while increased 
sexual drive is related to the medial preoptic area, which is 
involved in sexual arousal mechanisms and the expression 
of male sexual behavior. 31 These feelings were transient or 
immediately dissipated when switched off. 

This study has three limitations. First, the sample size was 
too small for adequate comparison. Second we could not 
exclude the effects of medications and premorbid depression. 
Third higher voltage may spread to surrounding structures 
which partially overlap with the circuitry responsible for 
post-DBS OCD improvement. 
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Conclusion 

Taken together, acute DBS of the VC/VS might cause smile, 
laughter, euphoria, increased blood pressure and HR, smell, 
chest vibration, dizziness, nausea, heat, or increased sexual 
drive. These effects are transient, disappearing when turned 
off, or habituated over months. Our results also suggest that 
postoperative stimulation-induced smile/laughter may predict 
long-term OCD response to DBS, and agree with Haq et al's 
intraoperative findings. 18 Further trials are necessary to evalu- 
ate the effects of different parameters and possible predictors 
in the treatment of OCD and depression. These trials require 
both a high level of ethics and excellent methodological 
designs, and they may benefit from larger studies, genetic 
studies, and imaging studies to elucidate the mechanisms. 
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